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Abstract 
The solution to problems of building thermal technology in the substructure of industrial buildings and ground connections is 
based on knowledge of the thermal regime of soil - sub base, one of the important components of soil climate. It is obvious that 
every correct thermo-technical calculation requires a precise specification of boundary conditions. Soil temperature is presented 
in our case as one of the boundary conditions of substructure details of analysed buildings. 
Most industrial hall type buildings are large. The accurate design of the substructure’s construction is influenced by many entry 
parameters from the standpoint of structural analysis, building thermal technology, building hydro-insulation technology and 
anti-radon measures. By respecting these specific requirements of individual science disciplines, the symbiosis expressing the 
optimal solution in the theory of structural production of buildings is presented. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Lowering energy performance is a very topical theme nowadays. Now, more than never, concepts which provide 
high user standard with low service cost are being introduced. Therefore, while designing a building, it is necessary 
to respect all technical requirements for securing thermal protection and energy savings in the building. 
Thermal insulation is now a word that we are all familiar with particularly with respect to rising energy prices in 
line with long-term strategic goals of reducing emissions and improving energy efficiency in buildings. This was the 
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subject of the European Parliament and Council 2013/31/EU meeting on 19th May 2010 for the energy performance 
of buildings.  
The correct and economical solution to thermo-technical problems of substructure of industrial buildings, with 
regard to normative requirements, is gaining importance, as these buildings are in many cases designed and realized  
as large – sized buildings.  It is important to respect not only the structural requirements of the substructure, but also 
their physical and technical requirements, preservation of the quality of the details and arrangements of the 
substructure. Gas emissions need to be reduced by at least 20% compared to 1990. Similarly EU countries set a 
target reduction of 20% for the same date and a further 20% of energy obtained from renewable energy sources. 
This can also contribute to solving sub-structure issues for a new generation of energy efficient buildings. [2] 
Soil climate is an important component when considering the solution to problems in building thermal technology 
of the substructure of industrial buildings and ground connections based on knowledge of the thermal regime of the 
soil - sub base. It is obvious that every correct thermo-technical calculation requires a precise specification of 
boundary conditions. Soil temperature is presented in our case as one of the boundary conditions of substructure 
details for the analyzed buildings. 
2. Structural detail of contact base, external cladding and ground slab 
The focus of the analysed experiment is a structural detail of the contact of base, external cladding and ground 
slab. Issues relating to this important structural detail existed in the past, but gain importance nowadays, with the 
development of modern technologies and with tendencies to reduce material and energy loads of industrial 
buildings. It is important to mention that the reference building had an incorrectly designed and realized structural 
contact base detail, external cladding and ground slab, from an analysed  standpoint of  building  thermal technology  
(see fig.1)                                                                                 
 θsi ≥ θsi,N = θsi,80 + Δθsi = 10,73 + 1,00 = 11,73°C (1) 
                             θsi,N = 11,73 °C 
         θsi = 9,58 °C < θsi,N= 11,73 °C 
                                                                 
                                                                                               
 
Fig. 1. Structural detail of contact base, external cladding and ground slab in the industrial hall building with marked critical places and 
thermogram temperature distribution on the outer surface of the industrial envelope structure with 1 reference thermal bridges Variant V1. 
    The primary task was to evaluate the structural detail of the contact base, external cladding and ground slab in the 
industrial hall type building designed by the building’s architect (see Fig. 1).  The designed structural  detail  of  the 
contact base,  external cladding and ground slab is evaluated using the  Psi-THERM 2D program, which can be 
applied to  evaluate the  thermo-technical  properties  of building structures  and their structural details. The 
designed floor slab structure on the backfill does not fulfill normative recommended values of temperature on the 
inner surface (see Fig. 4). Simulation of thermos vision and course of isotherms in the structural detail of the contact 
base, external cladding and ground slab (designed by the architect) at normative boundary conditions (θe = -15°C, ϕe 
= 84%, θi = 18°C, ϕi = 50% and θz = 5°C. Variant V1), the calculation program PsiTherm 2D. 
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2.1 Measurements of the designed structural detail of the contact base, external cladding and ground slab 
Variant V1 
The final values of temperatures in Table 1, on the inner surface of the floor structure reveal that the measured 
values are lower than the calculated values of surface temperatures. The reason for this can be found in the quality 
of the building operations of the structural detail of the contact base, external cladding and ground slab in the 
industrial hall building. 
 
Table 1. Temperatures on the inner surface of the floor structure during selected day (14.03.) V1, inside air  temperature θai = 13.80 °C, relative 
moisture of  inside air  φi = 82.3 %, outside air  temperature θae = 1.90 °C, relative moisture of outside air φe = 100 % and temperature of soil at a  
depth of 3 m θz = 10,23 °C. 
 
Temperature of the 
inner surface in 
contact with the space 
of the external 
cladding  and floor 
(°C) 
 structural detail designed by the architect of the building 
min. 
value 
defined 
acc. to  
STN  
73 
0540-3 
 
measured values of temperature for the inner 
surface at measured boundary  conditions at 
6 am  
(θai = 13.80 °C, φi = 82.3 %,  
θae = 1.90 °C, φe = 100 %, 
θz = 10.23 °C) 
calculated values of temperature for the  
inner surface at measured boundary 
boundary  conditions at 6  am    
(θai = 13.80 °C, φi = 82.3 %,  
θae = 1.90 °C, φe = 100 %, 
θz = 10.23 °C) 
θsi 11.73 
Variant 
in close 
proximi-ty 
of external 
cladding  
at a distance 
of 1 m from 
external 
cladding  
at a distance 
of 2 m from 
external 
cladding  
in close 
proximi-ty 
of external 
cladding  
at a distance 
of  1 m from 
external 
cladding 
at a distance 
of  2m from 
external  
cladding 
V1 9.58 10.2 10.6 11.38 12.81 13.09 
3. Modified structural detail of the contact base, external cladding and ground slab in the industrial hall 
building 
The building envelope is a barrier that separates the internal environment from the effects of weather. This barrier 
ought to facilitate the optimal comfort of the interior environment in winter as well as summer. It has been shown in 
practice that most building defects occur within the building envelope. This includes external walls, roofs and floors 
too, and occurs both with new or renovated buildings. Heat losses of buildings through external constructions – roof, 
external walls, ground slabs are not negligible. It is therefore important to pay more attention to these construction 
elements. Basementless buildings situated on the ground are in direct contact with the subgrade and its thermal state. 
A certain amount of heat primarily destined for the creation of thermal comfort in the interior escapes from the 
baseplate to the cooler subgrade. The outgoing heat represents heat losses which unfavorably affect the overall 
energy efficiency of the building. These heat losses represent approximately 15 to 20 % of the overall heat losses of 
the building. This number is a clear signal for the need to isolate and minimize heat flow from the building to the 
subgrade. 
A very important consideration is the amount and type of thermal insulation. The combination and location of 
construction details are also important factors. Compliance with these requirements is the deciding factor that 
contributes to the optimization of the final solution. An analysis of the actual construction detail involves the effect 
of the position, mutual combination of thermal insulation as well as the overall solution and correct proposal of the 
construction detail. In our case it is a detail of an external wall, basement and floor slab which are in contact with 
each other [3, 4, 5]. In total, nine cases were modelled, but only four cases in this paper characterize the possible 
location of a mutual combination of thermal insulation in the construction detail of the ground slab to satisfy all 
building standards and construction requirements. 
Consequently we designed  an optimal economical and structurally accurate detail of the contact base Variant V0 
– V8, external cladding and ground slab in the industrial building  (Table 2) and evaluated it from a hygienic 
perspective,  based on boundary conditions defined in accordance with STN EN 73 0540:2012 (θe = -15 °C, φe = 
84%),  [4]    STN EN 12 831 [5]     (θi = 18 °C, φi = 50 %), and from the theoretical  assumption of soil temperature  
at a  depth of 3 m under the level of the adjacent ground (θz = 5 °C). 
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Table 2. Representation of the structural modifications for each of the considered variants detail. 
 
1 – floor slab with 200 mm layer of cement without thermal insulation; 2 - XPS insulation of foundation on level of terrain with thickness of 30 
mm; 3 - XPS insulation of foundation over the entire height with thickness of 30 mm; 4 - XPS insulation of floor over the entire surface with 
thickness of 60 mm; 5 - Insulation aerated concrete masonry parapet of XPS with thickness of 60 mm; 6 - Insulation XPS on the outer sill 
thickness of 30 mm; 7 - XPS Insulation foundation  with a thickness of 40 mm over the entire height; 8 - Insulated porous concrete parapet with 
an XPS thickness of 40 mm; 9 - Insulation of floors XPS with a thickness of 60 mm in length 2.0 m from the inner surface of the outer wall, the 
rest filled screed; 10 - Insulation of floors XPS thickness of 60  mm in length 2.0 m from the inner surface of the outer wall, the rest filled with 
polystyrene. 
Table 3. Representation of the structural modifications for each considered variants detail. 
 
Fig. 2. Evaluation results 2D receives design detail Variant V0 – V8,  of substructure modeling constructive detail bottom building at  
normative  boundary  conditions θe = -15 °C, φe = 84 %, θi = 18 °C, φi = 50% and θz = 5 °C. 
Variant detail 
Structural modification  detail 
1 2 3 4 5 6 7 8 9 10 
V0 X          
V1 X X         
V2 X  X        
V3    X       
V4   X X       
V5   X X X      
V6   X X X X     
V7      X X X X  
V8      X X X  X 
Sign Evaluation  of  options 2D 
Variant detail V0 V1 V2 V3 V4 V5 V6 V7 V8 
U plinth bric [W/(m2.K)] 0,418 0,418 0,418 0,418 0,418 0,241 0,241 0,241 0,241 
Ufloor      [W/(m2.K)] 1,396 1,396 1,396 0,411 0,411 0,404 0,404 0,404 0,359 
θsi               [C°] 7,59 9,58 10,33 10,60 11,94 12,45 12,63 12,75 12,54 
fRsi          [ - ] 0,68 0,74 0,77 0,77 0,77 0,78 0,78 0,80 0,79 
L2D           [W/(m.K)] 1,765 1,557 1,449 1,182 1,057 1,021 0,997 1,083 0,999 
L2D,wall     [W/(m.K)] -0,125 -0,125 -0,125 -0,125 -0,125 -0,072 -0,072 -0,072 -0,072 
L2D,floor    [W/(m.K)] -0,620 -0,620 -0,620 -0,183 -0,183 -0,180 -0,180 -0,485 -0,431 
Ψ2D            [W/(m.K)] 1,019 0,811 0,704 0,873 0,749 0,769 0,745 0,525 0,496 
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4. Confrontation of measurements with the designing of structural detail of contact of base,  external cladding         
and floor on the background terrain  
The distribution of temperatures at the ground level of industrial buildings is an understudied area of construction 
physics, although it is closely related to correct calculations of thermal loss in buildings. 
Nowadays designing structural details in the substructure of hall type industrial buildings is based only on the 
theoretical assumption of a temperature of 5 °C under the whole floor area (at a depth of 3 m). Considering that the 
mentioned temperature is used as an entry parameter for the calculation of thermal loss of an industrial floor 
structure on terrain, it is assumed that thermal loss should be on the safe side, accounting for a higher loss.  In this 
case, based on the notion  that soil temperature at a depth of 3 meters below ground level  exhibits an average  
annual external temperature θm,e (in our region from 5.9 °C in Poprad to 9.9 °C in Bratislava), an estimated 
temperature of  θz = 5 °C would be required, were we to assume safety precautions. 
This paper aims to solve problems centered on an industrial building’s connection to the ground. By the term 
industrial building we consider both the upper and lower structure. The lower structure of industrial buildings of the 
hall type considers the sub-base structure connected to the floor structure. This is influenced by the mechanical 
properties of soils (e.g. the angle of inner abrasion, shear strength etc.) and physical   properties of soils (thermal 
conductivity, thermal capacity, density, weight moisture etc.). Properties of soils are influenced by conditions of 
outer climate (daily and nightly thermal swing, intensity of rain, snow layer etc.), geological – hydrological 
conditions (ground water and their chemical structure) and geothermal data. [1,3]    
The description of individual measured points is shown in Fig. 1 for a ground plan of 72 380 x 36 460 mm. 
The building houses a light industry operation producing electro technical components and metal products where 
an inner calculation temperature of θi = 18 °C and relative moisture φi = 50 % can be assumed.  
 
Fig. 3. Description of measurements in the industrial hall building. 
4.1 Description and aims of temperature measurements below the ground level of the industrial building 
Measurements were realized in March, July, and November 2007 and in March, July, and November 2008 from 
which we chose the most favorable weekly measurements from 12.03.2007 to 18.03.2007. 
The measured values of temperatures of the ground below the industrial building can be seen in (Fig.3). 
The aim of individual measurements is to analyse the course of temperatures in the sub-base of large industrial 
hall buildings. It is obvious that soil temperatures measured near the base structure are different from temperatures 
measured in the middle of the building, sometimes by up to 2 or 3 °C. This knowledge can be applied to new 
structural solutions of building structures and base contact details, external cladding and ground slab for large 
industrial hall buildings. 
An additional task evaluates the modified structural detail V7 und V8 of the contact base, external cladding and 
ground slab in the industrial hall building at measured boundary conditions (Table 4). It is possible to state that even 
if the architect designed the optimal economical and structurally accurate detail of the contact base, external 
cladding and ground slab, the minimum required  temperature  on the inner surface  of the building structure  θsi = 
11.73 °C does not always have to be reached. 
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Table 4. Temperatures on the inner surface of the floor structure during a selected day (14.03.) V7, V8, inside air temperature θai = 13.80 °C, 
relative moisture of  inside air  φi = 82.3 %, outside air  temperature θae = 1.90 °C, relative moisture of outside air φe = 100 % and temperature of 
soil at a  depth of 3 m θz = 10,23 °C. 
 
temperature of inner 
surface in contact 
with the space of 
the 
external cladding and 
floor (°C) 
modified structural detail of contact base,  external cladding and slab  on  ground 
min. value  
defined  
acc. to STN  
73 0540-3 
calculated values of inner surface temperatures  at measured 
boundary conditions at 6 o ´clock am (θai = 13.80 °C, 
φi = 82.3 %, θae = 1.90 °C, φe = 100 %, 
θz = 10.23 °C) 
θsi 11.73 
 
Variant 
in close proximity to 
external cladding  
at a distance of 1 m  from 
external cladding 
at a distance of 2 m from 
external cladding 
V7 11.58 / STN 12.75 13.24 12.92 
V8 11.50 / STN 12.54 13.28 13.15 
 
5. Conclusion 
The correct and economical solution to thermo-technical problems of substructure of industrial buildings, with 
regard to the normative requirements, is gaining in importance, as these buildings are in many cases designed and 
realized as large–sized buildings. With substructure structure solving it is important to respect not only static 
requirements, but also physical and technical requirements, preservation of quality of the details and arrangements 
of substructure that together prevent various complications.  
      It is possible to state from this that even if the architect designed an optimally economical and structurally 
accurate contact of base, external cladding and floor on background terrain, the minimal required  temperature  on 
the inner surface  of the building structure  θsi = 11.73 °C does not have to be always reached. It depends on the 
further building user what conditions will be created in the inner working environment. A clear example are the low 
values of morning temperatures of inside air (θai = 13.80°C) which we measured.  Under such boundary  conditions, 
the calculated value of the temperature on the inner surface of the floor structure in close proximity with the external 
cladding in analyzed  structural detail Variant  V7 was only θsi = 11.58 °C, Variant V8  was only θsi = 11.50 °C , 
thus the required hygienic criterion is not accomplished, however it is closing to θsi = 11.73 °C.  Under extreme 
conditions according to STN EN 73 0540:2012 [4] Variant V7 was only θsi = 12.75 °C, Variant V8 was only θsi = 
12.54 °C, thus the required hygienic criterion is fulfilled. 
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